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el ectrocheni cal gas senso®¥%for el ectrically ’sitgnal | Ag tze conceftFation
of an el ectrochemcally active gas, such as oxygen, in a gas nixtgyggand
nore part-. cularly,ﬂmmmwﬂmwumﬂ pparatus and nmet hods for closely tracking
tenperature variatio es applied to the gas sensor permtting
accurate conpensation forcotob® tenperature variations. Background of

I nvention El ectrochem cal gas sensors are well known in the prior art for
accurately detecting the concentration of an el ectrochem cally active gas,
such as oxygen, in a gas m xture. The concentration of ~he gas is
externally signalled by the electrical signal generated by the presence of
the active gas that is oxidized or reduced at the surface of the gas
sensi ng cat hode el ectrode. The gas sensors conpri se anode and cat hode

el ectrodes inmersed in a pool.of a liquid electrolyte. The el ectrical

out put signal fromthese gas sensors are in the fore of an electrical
current that corresponds to the partial pressure of the active gas being
sensed. The current signal can be converted to a voltage signal by the

nounting of a 2 suitable resistor across the output term nals of the gas

sensor to derive a voltage signal in mllivolts. Conventionally
AN IMPROVED TEMPZRATURE COMPENSATED ELECTROCHEMICAL

GAS SENSOR AND METHOD FOR CLOSELY TRACKING THE
TEMPERATURE VARIATIONS OF A GAS TO BE SENSED

Field of Inventian

This invention relates to electrochemical gas sensors for
electrically signalling the concentration of an electrochemically
active gas, such as oxygen, in a gas mixture and more part-.
icularly to improved apparatus and methods for closely tracking
temperature variations of the gases applied to the gas sensor

permitting accurate compensation for the temperature var-
iations.

Background of Invention

Electrochemical gés sensors are well known in the prior
art for accurately detecting the concentration of an electro-
chemically active gas, such as oxygen, in a gas mixture. The
concentrat}on of the gas is externally signalled by the elec—%
trical signal generated by the presence of the active gas that
1s oxidized or reduced at the surface of the gas sensing
cathode electrode. The gas sensors comprise anode and cathaode
electrodes immersed in a pool.of a liquid electrolyte. The
electrical output signal from these gas sensors are in the
form of an electrical current that corresponds to the partial
pressure of the active gas being sensed. The current signal

can be convertzad to a voltage signal by the mounting of a



a printed circuit board is nounted to the gas sensor at the back side
thereof with a suitable resistor thereon for providing the voltage output
8ignal. It is known that the gas sensor output signals are dependent on the
tenperature of the gas m xture applied thereto. The output signals fromthe
sensors increase with an increase in the tenperature of the applied gases.
This charge in output signal is due t@ the change in the diffusion rate of
the gas mi xture through the input nmenbrane for the gas sensor. At the
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substantially the sane tine whereby said therm stor nmeans provides

el ectrical output signals in response to the sensed tenperature changes in
t he gases being sensed w thout any substantial tinme delays between the

t enperature changes in the gases to be sensed and the el ectrical output
signals provided by the therm stor nmeans. From a broad nethod standpoi nt,
the present invention conprehends the provision of an el ectrochem cal gas
sensor to provide an electrical output sinal in response to the apolication
of a gas mxture to the gas sensor having an electo,chemcally active gas
to be sensed therein due to the"production of a cathodic reaction whereby
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The nethod includes the steps of nmounting the therm stor neans in a

- heat _sink-adjacent the gas sensor electrolyte and providing.a plurality of
thermal insulators stacked in the gas sensor with the therm stor nmeans |ead
wires spiraled into coils i and electrically accessible outside the gas
sensor. f t f r . ' 5 grief Description of the Drawi ngs These and ot her
features of enbodi nents of the present3 I nvention may be nore fully
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the gas mixtures applied to the gas sensor to be analyzed.

Summary of Invention

The present invention is an improved, more sensitive,
electrochemical gas sensor having improved methods and means for
tracking the temperature changes in the gases applied to the
sensors for permitting the temperature compensation signals
to be rapidly developed and uvtilized without any time delay,
for providing correct, temperature compensated output signals
and thereby accurate electrical output signals representative
of the concentrations of the electrochemical active gases
applied to the gas sensor to be analyzed. The above advantages
are produced with small change in the cost of producing the
improved gas sensor.

F;om a structural standpoint, the improved electro- N
chemical..gas sensor includes thermistor means mounted adjacent
to an expansion membrane, that is in contact with the gas sensor
electrolyte and contains same, in a substantially thermal
isclated relationship with respect to the temperature of the
gases to be sensed conveyed to the gas sensor so that any
change in the temperature ¢f the gas to be sensed i1s not
directly conveyed to the thermistor means whereby the gas

sensor and the thermistor means both experience any change in



6 Detailed Description of the Preferred Enbodi nent of the Invention An
Understandlng of the problem of the present day organi zation of

el ectrochemical gas sensors and the tenperature conpensati on o~ the sensor
el ectrical output signals by nmeans of therm stor nmeans | eads to a better
appreci ation of the need for the inprovgnents disclosed herein and the
benefits of the novel structures. ';'he electrochem cal gas sensor 10 is
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" applied to the sensor. The electrical output signals increase in

. magni tude-with the increases in the tenperatures of the gas m xture being
sensed er anal yzed. This change in output signal is due to the change in
the diffusion rate of the applied gas through the thin sensing nenbrane 20.
At the higher gas tenperatures the outgput el ectrical signals increase due
to the high diffusion rate of the applied gas through the sensing nenbrane
20 andagggkebgseggddquﬂnat(gﬁénﬁ-guﬁﬂﬁgs erroneously signa~~ . the
concentrTarion of the sensed actlve gas In the applied gas m xture. The
prior art gas Bxesdranditerieediaacerper afurabedhsengsdedi etei nregentor m of
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utilize&f tB-Tanced Lefitr 1Pl t ADBR Gt Bre72nPBReAESCBF £HE $8n<6F TGerérhat ed
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del ay introduced by the erroneous tenperature tracking by the therm stor 26
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t enper attieeedhangeikr.om;24 degrees centi grade to 40 degrees centrigade for
tests conducted t hr i ff.erent, 5 _Sen . the type o ensor
10. The space beg%eeﬁ ?%querfTb <§Sﬁe§|%?) ?e réggntgggﬁgnﬁtes in
time. Atirchidebgasdsensers 14 gisaldtdd-iaed rmvemfm €5 Y oq;emmox het valge ef the
el ectrigah output signal due to the therm ~~srtor 26 being i mediately
exposed to the Lenperature change mhﬁ 3 g radual increase in value as~the
sensor body absorBs fh&>t EnPerEldrs lehdmge FtH M . AR Weci3izal it put
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required,b he s dy rand . ags ciated el S 1q reach the change
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for the cells of Fig. 2 can be seen to be substantall on the order of 30

m nut es. 9 Wth the above prior art structures and problens in mnd, the
i mproved gas sensor 10' of the present invention will be exam ned iny
conjunction witth the structures illustrated in Figs. 3-6 and the graphical
representation of Fig. 7. The basic structure of the.galvanic type

el ectrochem cal gas sensor 10 of Fig. 1 is illustrated in Fig. 3 but

illustrating the inproved arrangenent for sensing the applied gas
tenperatures and tracking the tenperatures w thout introducing the tine

del ays of the prior art structures. The thermi stor 26 in accordance wth
the present invention is located in very close proximty to the liquid

el ectrol yte adjacent the expansion nenbrane 22 in a substantially thermally
insulated relationship with the gas sensor body and the gases applied to
the gas sensor 10' and thereby elimnates the prior art tinme del ays
involved in tracking the tenperatures of the gases applied to the gas
sensors during a change in the tenperature of the gases.



To this end, the ther:nistor 26 is potted to the rear side of the.expansion
menbrane 22 with a heat sink conpound 34, such as a zinc oxide or silicone,
“as illustrated in Fig. 3. In this nmanner, any change in tenperature of the
gases undergoi ng analysis are not directly conveyed to the t:zerm stor 26
to produce .erroneous signal outputs. sThe lead wires for the therm stor 26
conprise an electrically insulated cable 26C of approximately 3-4 inches in
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As illustrated in Fig. 1, the open end of the container

18 is illustrated with an open ended threaded member 32 for

receiving the cas mixtures applied to the gas sensor 10. This



due to the therm stor being responsive to the tenperature changes inparted
to the liquid electrolyte and not the tenperature changes of the sensor
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current that is due to the oxidation or reduction of the active
gas providing an electrical current output signal from the
sensor 10 representative of the concentration of the active

gas in the gas mixture. The electrical current can be converted
to a voltage output signal by the provision of a suitable cutput
resistor coupled across the output terminals of the sensor 10.

A ten ohm resistor mounted on the printed circuit board 24,

for example will convert the output currents to a voltage signal
in millivolts. It is also well known that electrical output
signals from the gas sensors 10 are also dependent on the temp-
erature and the temperature variations of the gas mixtures
aprlied to the sensor. The electrical output signals increase
in magnitude with the increases in the temperatures of the gas
mixture being sensed cor analyzed. This change in output signal
is due to the change in the diffusion rate of the applied gas
thrbugh the thin sensing membrane 20. At the higher gas temp-
eratures the output electrical signals increase dué to the high
diffusion rate of the applied gas through the sensing membrane
20 and thereby the derived output signals erroneously sxgnak
the concentratlon of the sensed active gas in the applied gas
mixture. The prior art gas sensors utilized a temperature
sensing device in the form of the thermistor 26 mounted on the
printed circuit board 24 for the gas sensor 10 to provide an
electrical output signal representative of the temperature change
in the applied gas to the gas sensor. The thermistor output
signal is utilized as a temperature compensating signal for the

erroneously generated sensor output signal to provide the correct
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lO The soace between the vertical lines in Fig. 2 represent

5 minutes in time. All three gas sensors signalled an immediate
drop in the valde of the electrical output signal due to tiq
thermistor 26 being immediately exposed to the temperature
change with a gradual increase in value as the sensor body
absorbs the temperature change with time. The electrical ocutput
signal reaches a steady state condition after the time delay
period required by the sensor body and associated elements to
reach the changed temperature, in the above example the 40 de-
grees C. This time delay period for the cells of Fig. 2 can

be seen to be substantial, on the order of 30 minutes.
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third insu ators an% betmeg ?ﬁ g? and the third insulators and bei ng
el ectri cad$ic cormecteret of sahd GPREEP#CbéﬁPG elpctrochemical gas
sensor 10 of Fig. 1l is illustrated in Fig. 3 but illustrating
the improved arrangement for sensing the applied gas temperatures
and tracking the temperatures without introducing the time
delays of the prior art structures. The thermistor 26 in
accordance with the present invention is located in very close
proximity to the liquid electrolyte adjacent the expansion
membrane 22 in a substantially thermally insulated relationship
X with the gas sensor body and the gases applied to the gas sensor
10' and thereby eliminates the prior art time delays invoived
in tracking the temperatures of the gases applied to the gas
sensors during a change in the temperature of the gases.

To this end, the thermistor 26 is potted to the rear
side of the.expansion membrane 22 with a heat sink compound 34,
such as a zinc oxide or silicone, as illustrated in Fig. 3. 1In
this manner, any change in temperature of the gases undergoing
analysis are not directly conveyed to the thermistor 26 to
produce . erroneous signal outputs. The lead wires for the
thermistor 26 comprise an electrically insulated cable 26C of
approximately 3-4 inches in length having the individual lead
wires thereof secured to the printed circuit board 24 at the
points "4" on the board; see Figs. 4 and 6.

Another - important feature of the assembly of the Q
thermistor 26 to the gas sensor 10' is the prov151on of thermal
insulative means arranged between the heat sink compound 34
and the tops of the circuit bcard devices on the printed circuit
board 24 as best illustrated in Figs. 3 and 5. The insulative
means, as illustrated, comprises three individual layers of
foam stacked upon one another between the heat sink 34 and the
printed circuit board 24. The individual layers of foam in-

sulation are each a different size and are identified in the



15 6. A met.hod of conpensating an el ectrochem cal gas sensor for sensing
the concentration of an electrochenically active gas in a gas nixture
applired to the sensor for tenperature changes in said gas m xture, the gas
sensor providing electrical output signals representative of the sensed

el ectrochem cally active gas that vary with the tenperature variations of
the applied gas m xture, the nethod inc&jdes the steps of providing an

el ectrochem cal gas sensor having an insul ative contai ner having a gas
sensi ng cathode alseatdede ajyl, ang anodles @l £edd odee Msnted de thiee €6mt ai ner
with an electrolyte, said container having an open end adj acent the_cathode
el ect r o€ St Jappl yilfy RATE LRI xt ubRe t B°F H%O%’gt’rfbﬂ'élﬂ’e % r bgeEnd® an
expansi Az EREirER WY iy tth s atte £00$ BbNEL6 | AInd Phieslee£ct €tnispaced

rel ationship w ai d. open_.end_of,t he_cont ai ner i N ng e

el ectrolcy mé%’ur’%ih%“lsnagn% Het rﬁ'hs o?r?arr%a%?%t ohi th z%kp‘%ﬁ%?%ﬁgﬁd ?%heéFotBS
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the el eqtydl & e SECU i dithhdiCet hOR M St Ok MBS t 98t he exPaR3LaD. ABNMRaNe
wi th heat sink neans so as, to substantjally prevent apy tenperature changes
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the sidepsitirdd-inciire kapudsién nBhbrahepe ldgerheathemnrsngedmeans
i ncl udi ng. d Asul ad ede | 901%1&5?? sgsegkng &Heiﬁ‘ff@g\.f?E denivi g hgrRERAt ure
conpensating el ectrical signals from sala gas sensor; and arrangi ng said
| eads wi 3P 5%i t0¢ he?Fraf ¢ nSRrERL S8oRedRs180SRET R 2B E 0RPALRBI PRI Ri®R sai d
i nsul at ] #1ee NERNS1LA OL P& eYePerEenper aguagdchangeswebnsahd sppkiked gas -wsxture
to be conducted_to,sai herm.stor neans.and.pern.tting_said |l eads t.o
accessi bt e o%ff%? de3 o?nghé’gggdsgéﬁgorlpg'wl uﬁ%t ESédoflégﬁpé’ﬁsétthg“é’n‘- bzesc
el ect r ochesi catngatedehgopcantdéfti'ned itheckaintedwhéreiuatt beagdep of s

nmounting,tbergmlni psukaLive geang.includes the steps of stacking a
plurality of thermal inSulative neans, each of a different presel ected

size, for ther mafPy PRsEPAVPnGeSRE ILREr AREREF RarksSUdAd S YalSsTHf Wi d

| ead W reReothébeisbernest anymeansgieni Ak empethatiree ofeltaid gashnpxbatesen
each of the,stacked_plurality_of _insylative ans d arranged. to b
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el ect rochbeiDaFtgas 2§ensoreasheeiviased eins ol giomta inker @m bidwy st ofn
spirallipgoLhesheadeWer e8a58EPHINS 8% MMcARRIRY thhe la2ad JUJ S 41 2 ol | ed
configuration between 'the sStacked I nsul ated neans. .A3. An& A .JAYS. AF_. Aa@
CAf .ALF?ﬂﬁLFATﬂ&NL?hﬁ@FASFE!LF&e electrical output signals develcped

by the gas sensor 1l0' and the thermister 26 when combined,
corfectly compensates the sensor generated electrical output
signals for the sensed temperature variations so that the
resulting temperature compensated electrical output signals are
true representations of the signals produced at the gas sending
cathode” electrode, without any erroneous increases or decreases
due to temperature changes. '

The gas sensor 10' was tested in the identical mannar
as the sensor 10 and plotted in Fig. 7 for a temperature change
in the sensor applied gas from 24 degrees C. to 40 degrees (.
In Fig. 7, the output signals for six gas sensors are illus:zrated
as coming to equilibrium right away, without any false incr:ases

or decreases in electrical output signals as in the known rrior
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that better track temperature changes. This tracking results

due to the thermistor being responsive to the témperature changes
imparted to the liquid electrolyte and not the temperature
changes of the sensor body.
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1n claim 1 wherein sard thermisIicr means 1S $ecCur To saxrd
expansicn membrane wWitn a thermal Lnsulator sSC 25 O De sub-
stantially sensitiv2 onlv tc Tamperazurs changas of

sard electrolvte Zcor providing Tamperature Cccompensatlon signals
for =he cutpout signals generatad Dy saldi gas senscr
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e e with heat sink means and Zfurther including a
printed circuit board for enclosing the end cf said insulative
container oppcsite to sald cpen 2nd thereci, a clural:ity of
“hermal znsulators stacked between said tharmiszTcor means and said
orinted circuis bearxd Zor minixmiziag any direct heat transfasr
Irom saié gases <o b2 sensed tc zthe thermistor means, said
—hermistor means naviLig an insulated electrical carle spiraled
petwean said stacked thermal rasulators and connactad Lo said
circuit becard.

4. An electrecchsmical gas sansor of the type delined
in claim 3 wherein said plural:zzty of thermal insulatcrs com-—
pDrise Individual Insulators cf diriferent sizes znat increase
in size Irom adjacent said thermistor means =0 said printed
circuit board. )
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in ‘claim 3 whetewrn sai1d pluralizv of thermal -insulators com-

prise three thermal insulateors szackad between said thermistor
means and the printed circuit board, the thermal 1nsulator
adjacent said thermisto the smallest insulator and

ing adjacent sald circuit board, ané

T Deing oI a size larger than the smallest
instvlacor and smallsr than the largest insulator and stackead
1l and large insulazers

ancé larga insulataor 5, said insulaced
ac wires soiraled int

intermediate Tne sma
TRermistor naving le o coils of increasincg
diameter between the smallest and the third insulators

and between the largest and the third insulators and

being electrically connected to said circuit board.
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temperature changes 1n said gas mixture, the gas sensor
providing electrical output signals representative of the
sensed electrochemically active gas that vary with the
temperature variations of the applied gas mixture, the method
includes the steps of providing an electrochemical gas sensor
having an insulative container having a gas sensing cathode
electrode and an anode electrode mounted in the container with
an electrolyte, said container having an open end adjacent the
cathode electrode for applying the gas mixture to the cathode
electrode and an expansion membrane mounted to said container
in a preselected spaced relationship with said open end of the

container and containing the electrolyte,

mounting thermistor means on the expansion membrane to be
responsive to temperature changes of said applied gas

mixture imparted to the electrolyte.

securing the thermistor means to the expansion membrane
with heat sink means so as to substantially prevent any
temperature changes of said applied gas mixture from
being directly transmitted to the thermistor means so
that said gas sensor and the thermistor means Dboth

respond to any temperature changes at substantially the

same time,

mounting thermal insulative means on the opposite side of
the thermistor means from the side secured to the

expansion membrane,
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arranging said leads with said thermal insulative means
80 as to be contained within said insulative means to
prevent temperature changes of said applied gas mixture
to be conducted to said thermistor means and permitting

said leads to be accessible outside of the gas sensor.

7. A method of compensating an electrochemical gas
sensor as defined in claim 6 wherein the step of mounting
thermal insulative means includes the steps of stacking a
plurality of thermal insulative means, each of a different
preselected size, for thermally insulating the thermistor

means,

and spiralling said lead wires of the thermistor
means in an insulative relationship between each of the
stacked plurality of insulative means and arranged to be

accessgible externally of the gas sensor.

8. A method of compensating an electrochemical gas
sensor as defined in claim 7 wherein the step of spiralling the
lead wires comprises wrapping the lead wires in a coiled

configuration between ‘the stacked insulated means.



